Purpose of review This review examines the historical tumor progression genetic model of laryngeal carcinomas, from dysplasia to invasive carcinoma and the role of infiltrating immune and inflammatory cells as contributors to this process.
INTRODUCTION
Although there has been a steady decrease in the incidence of laryngeal cancers in the United States, it remains a significant cause of global morbidity and mortality [1] . As with all cancers of the head and neck, clinical stage at presentation is the single most important factor influencing overall prognosis, suggesting that early diagnosis is crucial to improve clinical outcomes [2] . Premalignant lesions of the larynx are defined as dysplastic epithelial lesions from low grade to high grade that may progress to carcinoma in situ [3] . Laryngeal dysplasia occurs in 2-10/100 000 of the population [4] with a 14% rate of malignant transformation [5] . Although the progression from laryngeal dysplasia to carcinogenesis remains incompletely understood, it is believed to be a stepwise process, where genetic changes are followed by architectural and cytological changes in the squamous epithelium [6] . The tumor, its surrounding stroma and cellular infiltrates form the tumor microenvironment. Immune cells, both of the innate and adaptive systems, as well as other cytokines and signaling molecules, contribute to this tumor microenvironment. Although some immune cells possess antitumoral properties, others function to suppress antitumor immunity and are manipulated by the tumor to evade the immune system. As with other head and neck cancers (HNCs), increasing evidence suggests that innate and adaptive immune mediators in the tumor microenvironment play an important role in tumor progression of laryngeal carcinomas [7] . The prevailing belief that dysplastic progression to malignancy is a result of acquired genetic alterations may only be part of the larger picture. Increasing evidence suggests that host responses can determine
RISK FACTORS
Tobacco smoking has long been established as a risk factor for the development of laryngeal malignancy [9] [10] [11] . The role of excessive alcohol consumption in the development of laryngeal malignancies remains unclear. Experimental studies indicate that alcohol itself is not a carcinogen, but may promote carcinogenesis through alternate mechanisms, such as enhancing the effects of tobacco and other environmental carcinogens [12, 13] . It has been suggested that a possible association between gastroesophageal reflux disease and laryngeal dysplasia and malignancy may exist, however, a causal link is yet to be demonstrated [14] . Unlike other HNCs, a role for human papillomavirus (HPV) infection in the development of laryngeal cancers is not clearly established but may comprise 5% of cases. A recent meta-analysis conducted by Li et al. [15] found a significant association between HPV infection and laryngeal cancer risk, with the greatest prevalence of HPV type 16 and 18.
HISTORICAL TUMOR PROGRESSION MODEL
The basis of the historical model of tumor progression describes the overexpression of oncogenes and/or silencing of tumor suppressor genes. The accumulation of these changes combined with lifetime exposure to environmental carcinogens such as smoking results in significant DNA damage. In epithelial cells, it is believed that DNA damage causes dysplastic changes which progresses stepwise from mild to moderate to severe, then to carcinoma in situ, with subsequent development of invasive cancer. Indeed, cancers of the head and neck are known to be among the most highly mutated malignancies [16] . Some of the most commonly overexpressed and mutated genes in HNC include the epidermal growth factor receptor (EGFR), p53, and phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha (PIK3CA) [17 && ]. Arguably the most commonly studied oncogene in HNC is EGFR as it is overexpressed in 80-90% of cases. EGFR has been found to be overexpressed in both laryngeal dysplasia and invasive malignancies [18] [19] [20] . As a regulator of cell growth, migration, and survival, EGFR overexpression confers significant oncogenic potential. Shin et al. [21] found that EGFR overexpression dramatically increased in the progression from laryngeal dysplasia to carcinoma. Anti-EGFR monoclonal antibodies have been Food and Drug Administration approved for clinical use and although not effective in a large subset of patients, they remain an important treatment modality alone or in combination with chemoradiotherapy. Another significant oncogene found to be commonly mutated in HNC is PIK3CA. This gene is important in the PI3K signaling pathway, which directly affects tumor cell growth, metabolism, and survival [22] . Approximately, 6-21% of HNC are found to have PIK3CA mutations, representing an important target for therapy. Indeed, clinical trials with inhibitors of PI3K and its associated downstream molecules are currently underway [23, 24] .
p53, one of the first tumor suppressor genes to be found in many tumor types, is a gene involved in apoptosis and cell cycle regulation [25] . Loss-offunction p53 mutations have been found commonly in both laryngeal dysplasias and carcinomas [26] . Murine models of HNC demonstrate that knockout of the p53 gene results in metastatic carcinomas in 100% of mice [27] . In HNC patients, p53 mutations are associated with reduced survival and some evidence suggests that it may have a role in predicting clinical outcomes and response to treatment [28, 29] . Recently, the Notch signaling pathway (NOTCH) and its ligand NOTCH1 have been found to be mutated in 10-15% of HNC, rendering it one of the most frequently mutated genes in HNC [30, 31] . NOTCH1 appears to act as a tumor suppressor in HNC although some studies suggest that it may also exert an oncogenic effect [32] . To date, clinical trials using therapeutic interventions of Notch signaling are not available for HNC. However, as data from trials in other tumors emerge, future trials in HNC may be offered.
With the advent of large-scale tumor genome sequencing, novel oncogenes and tumor suppressor
KEY POINTS
The historical tumor progression model which describes overexpression of oncogenes and/or silencing of tumor suppressor genes is partly responsible for the progression of dysplastic lesions of the larynx to invasive carcinoma.
Host responses can contribute to the variability between patients who progress to invasive carcinoma.
Cellular components of the innate and adaptive immune system can promote tumor immune evasion both directly and as a result of cytokine secretion.
A combined approach targeting both neoantigens and genetic variations in the tumor microenvironment may guide future therapeutic interventions.
genes are emerging. Although these genes form the basis of essential therapies, patient responses to them remain incomplete, suggesting that the variability of host responses and the tumor-host interaction play a fundamental role in determining tumor progression and patient responses [33] .
IMMUNOSUPPRESSIVE CELLS IN THE MICROENVIRONMENT
The tumor microenvironment is infiltrated by a wide array of cells from both adaptive and innate immune systems. Based on their phenotypical and functional characteristics, these cells can be classified as antitumoral or protumoral. HNCs commonly demonstrate lymphocytic infiltration (Fig. 1) . The presence of lymphocytes infiltrating the tumor has been described as a good prognostic indicator in some malignancies (Fig. 2) [34, 35] . However, some lymphocyte subtypes can exert a protumoral effect. These cells promote tumor cell immune evasion by dampening the immune response and generating immune tolerance. They include regulatory T cells (Tregs), myeloid-derived suppressor cells (MDSC) and tumor-associated macrophages (TAM). Tregs play a crucial role in tumor immune escape mechanisms and response to treatment in many malignancies [36, 37] . They are a subset of CD4 þ T cells that are characterized by cell surface expression of CD25 and forkhead box P3 which control key aspects of immunological tolerance to self-antigens [38, 39] . Studies have demonstrated that there are increased Treg subsets in the peripheral blood of patients with laryngeal cancers compared with healthy donors [40 & ]. Furthermore, there appears to be a positive correlation between the percentage of Treg cells and tumor size, suggesting that Tregs could be associated with disease prognosis [41] . MDSC are cells of the myeloid lineage that are comprised of myeloid-cell progenitors and precursors [42] . Under normal conditions, precursors of myeloid cells mature and differentiate into macrophages in tissue or dendritic cells in the circulation. In cancers, the population of precursors and progenitors are inhibited from differentiating and maturing; thus, there is an expansion of this population. The activation of these cells, in malignancy, results in an increased expression of immune suppressive factors, including nitric oxide and reactive oxygen species. Through direct inhibition of the cytotoxic functions of T cells and natural killer cells, MDSC are able to suppress both adaptive and innate immunity [43, 44] . Recent studies have shown that in HNC, MDSC subsets express high levels of these immunosuppressive factors as well as the ability to induce Tregs [45] . TAMs are mature myeloid cells which comprise the predominant portion of leukocytes in the tumor microenvironment [46] . They possess an alternatively activated (M2) phenotype, which is characterized by production of tumor-promoting and immunosuppressive factors such as IL-6, IL-10, and EGFR [47] . TAMs in HNC have been associated with tumor progression, angiogenesis, and metastasis [48] .
IMMUNOSUPPRESSIVE CYTOKINES IN THE MICROENVIRONMENT
One way in which tumor cells evade the immune response is by secreting a variety of cytokines and chemokines into the tumor microenvironment. These immunosuppressive cytokines negatively affect immune cell maturation and effector functions [49] . Vascular endothelial growth factor is secreted by tumor cells and acts to inhibit maturation and differentiation of dendritic cells through After adjusting for TNM stage, those tumors with high infiltration of lymphocytes (CD3CT Hi CD3IM Hi plus CD45ROCT Hi CD45ROIM Hi , thin lines, n ¼ 88) appear to correlate with increased disease-free survival. Log-rank statistical test, ÃÃ P < 0.01. CRC, colorectal carcinoma; ns, not significant; TNM, tumor nodes metastasis. Reproduced with permission from [69] .
the suppression of NF-kB in hematopoietic stem cells [50, 51] . In cancers of the larynx, high vascular endothelial growth factor expression has been associated with poor disease-free survival [52] . Another important immunosuppressive cytokine is IL-10. IL-10 is expressed by some immune cells and exerts an inhibitory effect on dendritic cell maturation and subsequent antigen presentation, which is crucial for successful T-cell activation [53] [54] [55] . IL-6 has been described as a multifunctional cytokine that plays a role in several cellular cycle processes, including the oncogenic ras pathway [56] . In cancers of the larynx, IL-6 appears to function as a suppressive cytokine, with studies demonstrating that serum levels are an independent predictor of progression-free survival [57] . Transforming growth factor-b (TGF-b) regulates many processes, including cell growth, differentiation, and apoptosis [58] . It is known to suppress natural killer and T-cell activation as well as aiding in the differentiation of Tregs [59] . Overexpression of TGF-b is commonly described in HNC and correlates with advanced disease and reduced overall survival [60] . In the larynx, TGF-b expression is found to be higher in cancers compared with dysplastic lesions and may be a useful marker to distinguish malignant transformation [61, 62] . Within the tumor microenvironment immune cells encounter a variety of signals both from other immune cells and the tumor. The interaction between immunosuppressive cytokines and immune cells within the tumor microenvironment plays a significant role in the transformation of laryngeal dysplasia to malignancy.
IMMUNE CHECKPOINT RECEPTORS
For T cells to become activated they require engagement of both their receptor and costimulatory molecules. Immune checkpoints function to regulate the extent of this activation and to prevent excessive activation and autoimmunity. These inhibitory pathways also play a role in the tumor microenvironment and have been employed by tumor cells as a mechanism of immune evasion [63] . The ligation of immune checkpoint receptors by their respective ligands mediates these inhibitory pathways.
Commonly studied receptor-ligand combinations include programmed death ligand-1 (PD-1) and its ligands PD-L1 and PD-L2 and cytotoxic T-lymphocyte antigen-4 (CTLA-4) and its ligands CD80 and CD84. Recently, Vassilakopoulou et al. [64 & ] demonstrated increased PD-L1 expression in primary laryngeal carcinomas compared with surrounding normal tissue. Interestingly, this correlated with increased density of tumor infiltrating lymphocytes and improved disease-free survival. A correlation between expression of CTLA-4 on T cells in the peripheral blood and aggressive tumor growth in patients with laryngeal cancer has also been described by several studies [65] [66] [67] [68] [69] . Future antitumor therapies may consider these neoantigens in the context of genetic diversity to develop a combined approach to improve therapy.
CONCLUSION
The classical tumor progression model describes the accumulation of multiple mutations in tumor suppressor genes and oncogenes which, in combination with environmental carcinogens, results in the accumulation of DNA damage and subsequent malignant transformation of cells. Although this model is supported by the discovery of multiple mutations in laryngeal cancers, they do not all contain these mutations, suggesting that an additional factor is involved in tumorigenesis. It has become increasingly evident that host-tumor reactivity, mediated by immune cells in the tumor microenvironment, contributes significantly to the variability in tumor development. This suggests that, aside from direct visualization and biopsy of suspicious lesions involving the larynx to identify malignant cells, it may be valuable to evaluate the presence of immune/inflammatory infiltrating cells within dysplastic lesions. This so-called 'immunoscore' quantifies the immune cellular infiltrate as well as basic phenotypic information, to reflect the extent of host responses. Correlation of this information with progression to malignancy would aid the field, but has not yet been done in many premalignant lesions. Additionally, further studies to identify biomarkers of malignant transformation, including immunosuppressive soluble mediators (cytokines) may be beneficial to guide diagnosis and less invasive, targeted therapy. Targeting the tumor microenvironment, in combination with genetic targets, to reverse tumor immune escape and reprogram inhibitory immune cells are key areas for novel antitumor therapies.
